INTRODUCTION AND REVIEW OF LITERATURE
The report by several investigators in 1937 and 1938 that the paralytic attacks in the disease, periodic paralysis, were associated with depressed serum potassium values led to the conclusion that the disorder is the consequence of some fault in the regulation of serum potassium levels (1) (2) (3) (4) .
Ample support for such a concept appeared to be given by other observations. Thus, depletion of serum potassium in various other clinical circumstances, as in the recovery from diabetic acidosis and in the Addisonian patient overtreated with desoxycorticosterone acetate, is associated with flaccid paralysis. Again, it is known that hypopotassemia results in cardiac arrest in diastole and causes impaired contractility of muscle in vitro. Finally, the balance studies of Danowski and associates (5) showed that, in the patients they studied, the attacks of paralysis were preceded by the movement of potassium into the intracellular phase and that urinary potassium excretion as well as the serum potassium concentration decreased.
Talbot (6) with clinically typical periodic paralysis were known to have occurred, we observed no striking hypopotassemia during attacks in the patien-ts whom we studied in detail. This led us to undertake a critical review of the data dealing with this disorder in the literature. A poor correlation between the onset and the severity of the attacks and the magnitude of the depression of serum potassium values has been noted and commented upon by several authors, including Talbot (6) . Occasional instances of paralysis without depression of serum potassium levels have been reported (7) . Furthermore, the levels of serum potassium found during attacks in patients with periodic paralysis usually have not been as low as those observed in patients who do not carry this genetic trait but who have hypopotassemic paralysis resulting from better understood metabolic abnormalities (3, 6, 8, 9) . A corollary observation is the apparent lack of specificity of potassium in relieving or preventing the paralysis in certain patients with periodic paralysis in contrast to its excellent effect in the other metabolic hypokaliemias (1, 6, 10, 11) . It seems probable, therefore, that periodic paralysis as described in the literature is produced by more than one mechanism or that the serum potassium depletion is not the fundamental disorder.
Such anomalies as abnormal storage of glycogen as well as other changes in intracellular potassium metabolism might be responsible for these vagaries of the serum potassium levels. The An examination of the genetic literature illustrates the diversity and variety of expression of periodic paralysis. The trait has been reported to be a dominant with skipped generations (12, 13) , a complete dominant ( 14, 15) , a recessive (6), and a sex-linked recessive (16) . The gene has been reported as manifesting incomplete penetrance in females (6) and as having complete penetrance in both sexes (15) . The expressivity may range from a slight recurrent weakness in one limb, as reported in one family (10) , to paralysis so severe that nearly the entire body is paralyzed, in other families (13) . Again, the paralysis may be so extreme in some cases as to cause death (13, 14) .
The duration of an attack in the members of some families may range from a few minutes to several days while in other families an individual may never be affected for more than a few hours (6) . In certain families the attacks are rare, occurring once or twice in a lifetime or two or three times in a year or in a decade (6) . In contrast, a case has been reported in which the attacks occurred daily (17) . The onset has ranged from four to 35 years in one family (15) , was consistently at 18 or 19 years of age in another (14) and, in yet another, the condition was evident in infants less than a year old (18) . The attacks have been reported to cease in one family after the fourth decade (15) .
Periodic paralysis has been observed in association with other diseases. One family was reported to have migraine as well as periodic paralysis (13) and another family with the trait had migraine and muscular atrophy that developed after years of attacks of paralysis (19) . Others report the association of periodic paralysis with exophthalmic goiter (20) (21) (22) . The transition of periodic paralysis to spinal muscular atrophy also has been described (23) .
Many diverse clinical observations and even more diverse interpretations of these findings have been reported. Attacks have been thought to be precipitated by local application of cold (17) , by glucose (5, 6, 24, 25) , by water diuresis (26) , and by insulin (2, 24, 25) .-In other cases, none of these was effective in bringing about an attack (10, 25, 26) . Potassium chloride, thyroid extract (25) , cholinergic drugs (26) , and adrenal extract (2) have all been used effectively and ineffectively as therapeutic agents. Reports concerning potassium, sodium, phosphate, and magnesium ion levels have been conflicting (1, 2, 5, 7, 10, 22, 27, 28) .
It has been postulated that the defect is related to the central nervous system, to the permeability of muscle cells, to hepatic or muscular glycogenesis or to a chronic deficit of potassium in the muscle (10, 28) .
In addition to the analysis of the genetic pattern in this kindred we have made certain clinical and laboratory studies on some of these patients.
We have studied methods of precipitating attacks, (31) , muscle glycogen by the method described by Good and colleagues (32) . The remaining chemical and hematologic methods used have been described in detail in other papers of this series and will not be reviewed here (33, 34) .
The clinical manifestations of the trait as observed in this kindred consisted of episodes of weakness or flaccid paralysis. Such attacks began and ended insidiously. They lasted from a few minutes to many hours or even several days in rare instances. In severe attacks all of the skeletal muscles were involved except those of facial expression, mastication, deglutition, speech, and respiration (diaphragm). Respiratory embarrassment of a severe character was not observed in any of these patients. In milder episodes localized areas were sometimes involved, usually the large muscles of the legs, arms or back, although an occasional individual had attacks in which only local involvement of the hands occurred. The pattern was usually symmetrical on both sides of the body. The paralysis was flaccid, deep tendon reflexes were absent and electrical excitability of the muscle was greatly reduced or lost.
The attacks began most frequently in the early morning and not infrequently were present on awakening. Activity tended to decrease the degree of weakness present if paralysis did not preclude movement. On the other hand, strenuous exercise which was followed by complete inactivity very frequently initiated an episode. This was the most reliable manner of initiating attacks in the patients whom we studied. Paralysis did not occur while the patient continued to be active but the more strenuous the activity and the more complete the ensuing rest, the more probable it was that a severe attack would result. The patients consistently reported that they could "fight off" an incipient attack by persistent activity. This, it may be noted, is the exact converse of the effect of activity and rest in myasthenia gravis.
A number of other factors also appeared to play a role in the precipitation of attacks. A heavy meal or, less frequently, the ingestion of a large amount of carbohydrate, particularly if taken before bed time, sometimes preceded an attack on the ensuing morning or day. No patient reported attacks precipitated by high carbohydrate intake during the preceding two hours.
Some patients reported no difficulty from food ingestion regardless of amount. Still other periods of recurrent severe episodes occurred without any apparent relation to the activities of the patient. These were just as severe as those having apparent relationship to preceding exercise or other factors which the patient regarded as responsible for the attack.
During the attacks there were no symptoms other than those which related to the weakness itself, except that during severe paralysis marked perspiration usually occurred. That this may precede the paralysis and possibly be a factor in its development was suggested by the drenching night sweats which frequently preceded morning attacks. One patient reported that profuse sweating preceded most of his severe attacks. On the other hand, the profuse perspiration induced by heavy work in hot weather does not induce paralysis unless it is followed by more or less complete inactivity.
The initial attacks occurred in the first year of life and the parents who were well acquainted with the disorder were able to recognize the presence of the trait regularly during the first months of life. The episodes tended to be most frequent during childhood and adolescence, gradually decreasing in severity and frequency with advancing age although they still occurred in aged individuals. There was a moderate degree of variability in the severity of the syndrome from patient to patient, some being only occasionally inconvenienced, others having attacks of such severity that they must miss work on the average of one day per week. In the individual patient as well, a long period during which little trouble was experienced might be followed by frequently recurrent attacks for periods lasting a few days or many months. Such periods were often associated with continued emotional stress.
On physical examination two observations could be made almost routinely even though the patient felt that he was normal at the time. A slight but definite degree of weakness was present in the extensors of the arms and legs which was sufficient to show up in sharp contrast to the good strength present in the flexors. These patients presented the appearance of muscular, hearty individuals, a fact which had caused certain of the male members no end of difficulty in dealing with the armed services where weakness in an apparently muscular individual is presumed to be evidence of laziness. The muscular appearance was particularly marked in the calf muscles and extensors of the arms, and was indistinguishable clinically from the pseudohypertrophy of childhood progressive muscular dystrophy, as previously discussed by one of us (35) . Pathologically the findings are very different from those observed in the pseudohypertrophy of dystrophy, as will be described below.
The syndrome appears in both sexes. The symptoms are usually more severe in the males, possibly because of the somewhat more vigorous activity in which they engage and the relationship of exercise to the episodes of paralysis outlined above. 
PATHOLOGY
Three patients submitted to biopsy of their enlarged gastrocnemius muscle mass. Grossly the muscles appeared essentially normal, contracted on mechanical stimulation, and showed no evidence of fatty replacement or of fibrosis.
Microscopically, characteristic degenerative changes were recognized in the muscle of all three patients but the degree of change varied widely. In the sample which showed the slightest degree of alteration, most of the fibers were well preserved and their strial markings were clearly defined but their diameters exhibited greater than normal variation. Some fibers were unusually slender and were stained more strongly with eosin than were the fibers of normal size. Irregular clusters of nuclei appeared-along the more slender portions and, in a few foci, appeared to replace the substance of fibers. In other places, portions of fibers were missing and the spaces were partly filled by pycnotic nuclei, monocytes, polymorphonuclear neutrophils, fibrocytes and a few well preserved muscle nuclei. Tfie most characteristic feature was the presence of vacuoles near the centers of a few fibers and appearing at sites of fusiform enlargement (Figure 1 ). The largest of these were round, fusiform or oval, occupied the entire diameter of the fiber and were limited laterally only by sarcolemma. The smaller spaces appeared to arise within sites of basophilic degeneration where longitudinal and transverse striae were absent and acidophilic granules appeared. The vacuoles occurred as multiple foci of rarefaction, sometimes lined up along the axis of the fiber like a string of beads. The larger vacuoles, apparently formed by coalescence of several small ones, often contained acidophilic granules and occasionally were filled with faintly basophilic coarse granules. A *few contained one or two pycnotic nuclei.
In the sample of muscle exhibiting the most advanced degree of degeneration, very few muscle fibers appeared normal although many retained their striae. Irregularly swollen, hyalinized fibers alternated with degenerated fibers containing vacuoles of all sizes and shapes. Areas of segmental disintegration were often associated with an increased number and pycnosis of nuclei. Some portions of fibers were represented by amorphous acidophilic debris.
Frozen sections stained with Sudan IV and hematoxylin failed to show abnormal quantities or distribution of lipids.
Sections of muscle, fixed in absolute alcohol and stained by Best's carmine method, showed marked irregularity of distribution of glycogen granules.
Many coarse granules were found in those portions of the fibers which appeared swollen and degenerated. Some of the vacuoles contained amorphous masses and coarse granules which were carmine-positive but many of the vacuoles were entirely empty or contained unstained debris.
Two of the biopsy specimens were analyzed for total glycogen content. The values, together with those of two control specimens from human material, are listed in Table IV . It will be noted that all of the values fall within the normal range for muscle glycogen. 
FIG. 1. THREE PHOTOMICROGRAPHS ILLUSTRATING TIHE MICROSCOPIC CHANGES FOUND IN BIOPSY SPECIMENS FROM THE GASTROCNEMIUS MUSCLE
Note the central location of the vacuoles in (a) both in longitudinal and cross sections and the irregular size of the muscle fibers. The more extensive changes in (b) and (c) are apparent, some fibers showing almost complete replacement. The sections were stained with hematoxylin and eosin and are magnified about 78 diameters. Figure 2 is a pedigree chart of the kindred reported in this study. I-1 and I-2 migrated to Utah in 1854. They had three daughters (II-1, 2, 3) . II-1 died at the age Qf 13. III-8 and 9, daughters of 11-3, state that their mother was affected with periodic paralysis and that she told them that her mother (I-1) and sister were also affected. Figure 2 shows that the trait is transmitted through one family line and that it never occurs in a child unless it has also occurred in a parent. It is apparent that the trait occurs in approximately the same frequency in males and females and that approximately one-half of the children of an affected parent show the trait. This suggests that in this kindred, periodic paralysis is attributable to a simple dominant gene having complete penetrance. The deviation from the expected incidence is very slight. Since no two individuals showing the trait and no two relatives have married, affected individuals must be presumed to be heterozygous (Pp). The crosses, therefore, which have produced affected children, are back crosses (Pp x pp) and should produce one-half affected and one-half normal children. Since we have no homozygous individuals, there is no way of deter- Blood samples have been taken and determinations made for A, B, M, N and the various Rh antigens. Taste reactions to PTC were also determined. It was possible to obtain data from nearly all of the families segregating for paralysis who are now living. The data, however, were insufficient to warrant any conclusion regarding linkage relationships.
FAMILY HISTORY

EUGENIC IMPLICATIONS
In this kindred, periodic paralysis can be detected readily by members of the families concerned. Each individual showing the trait is heterozygous and stands an equal chance of transmitting or not transmitting it to each of his children. The trait can be eliminated only if each affected individual refrains from having children. Unaffected individuals do not transmit the trait. DISCUSSION A number of unanswered problems remain concerning the disorder which we have observed in this group of people. Clinically the process is nearly identical with previously described cases of periodic paralysis whether hereditary or apparently sporadic. On the other hand, the failure to demonstrate any relationship of the attacks of paralysis to serum electrolyte concentrations, particularly the absence of hypopotassemia, sets the group apart from the best studied cases reported in the literature. Were it not for the defects which were discussed earlier, in the concept that serum potassium depletion is the fundamental mechanism leading to the paralysis in other cases, it might be concluded that we have been dealing with an entirely different disorder. This is hardly justified, however, in the light of the variability of the previously reported cases and the clinical indistinguishability of this syndrome from them. It is possible that all types of periodic paralysis are due to a single pathogenetic mechanism the nature of which has not been identified. However, the evident hypopotassemia seen in other patients makes this rather improbable, and therefore it is more likely that there are two or more types of periodic paralysis.
The frequently reported relationship of attacks to carbohydrate ingestion led us to postulate the possibility of some abnormality in the immediate availability of glycogen in muscle for the production of energy. Our studies to date have yielded no evidence to confirm such a theory; instead they have only served to emphasize the poor relationship between carbohydrate administration and attacks in this kindred.
The unusual pathologic picture of vacuolization of muscle fibers has been observed before, as far as we are aware, only in acute traumatic or infectious injury of muscle or in experimental obstruction of the deep lymphatics. The lack of inflammatory cells or evidence either clinically or pathologically of lymph stasis in these patients is not consistent with such an explanation here, however. A somewhat similar but more severe lesion has been observed in glycogen storage (von Gierke's) disease in children. The possibility that the disorder which we have described represents a related phenomenon in which only the muscle was involved seemed reasonable. However, our inability to demonstrate excess total glycogen or microscopic distribution of glycogen in the muscle fiber characteristic of that disorder makes this highly improbable.
The clean-cut genetic pattern of dominant inheritance with complete penetrance which we have found is in contrast to the findings in some of the previously reported families. This would appear to be additional evidence of the multiple character of the genetic mechanisms which result in the clinical syndrome of periodic paralysis. However, as we have emphasized previously (36) mus- cles is evident at all times.
3. The attacks are most consistently produced by vigorous exercise followed by complete rest. 4 . No correlation of the attacks with the serum potassium or other electrolyte concentrations could be established.
5. An unusual pathologic picture of vacuolization of scattered muscle fibers was found in biopsy material. Neither fat nor glycogen could be demonstrated in the vacuoles and it is presumed that they contained only edema fluid.
6. The pattern of inheritance is that characteristic of a simple mendelian dominant trait with complete penetrance.
